The concentrations of pollutants in soil samples collected in and around a dumpsite in Heze, Shandong, China, were investigated, and the potential ecological and health risks of these pollutants were assessed. Seventeen soil samples from five different locations were analysed for pollution characteristics, and the target pollutants included inorganic pollutants and heavy metals as well as volatile organic compounds/semivolatile organic compounds (VOCs/SVOCs). Results showed that the mean concentration level of each pollutant from the interior area was relatively higher than that from the boundary area of the dumpsite. Inorganic pollutants and heavy metals were detected in all of the soil samples. According to potential ecological risk assessment with environmental background values of Shandong as screening values, heavy metals in majority of the samples pose low ecological risk to the ecosystem except Hg. Hg poses a considerable or very high risk because of its high levels of accumulation. In consideration of future land use pattern, human health risks derived from environmental exposure to heavy metals were assessed. Carcinogenic risk and noncarcinogenic hazards for adults are acceptable, while noncarcinogenic hazards for children exceed the safety threshold. The health risks are primarily attributed to oral exposure to As and Cr.
Introduction
Solid wastes are disposed of either in open dumps or sanitary landfills or by incineration worldwide [1] . In many developing countries, large amounts of municipal solid wastes (MSW) are dumped into open dumping sites each day without adequate management. This practice causes several adverse environmental consequences and increases health risks to local communities [2] . China generates approximately 370 million tons of MSW per year, of which 190 million tons comes from rural areas [3] . Suburbs in China frequently use open dumps, which are the most common type of nonengineered disposal where MSW are simply dumped into natural pits or hollows [4] [5] [6] . No liner systems, gas controls, leachate controls, or leachate treatments are used in this type of waste disposal site [7] . Although China has issued a series of laws and regulations on waste disposal, including the siting and operation of landfills, the existing issue regarding open dumpsites remains a difficult problem to solve.
Landfill leachate is highly concentrated refractory organic wastewater containing complex components, including ammonia, organics, heavy metals, and certain toxic substances [8, 9] . More than 200 organic compounds have been identified in municipal landfill leachate, with more than 35 compounds having the potential to harm the environment and human health [10] . As a result of leachate migration, soils have been contaminated with heavy metals such as Pb, Cu, Zn, Fe, Mg, Cr, and Cd; these heavy metals in solid wastes are not biodegradable and therefore cause serious problems [11] . Heavy metal concentrations in the soil sample collected from the MSW open dumpsite in Tamil Nadu were found in the following order: Mn > Pb > Cu > Cd [12] . Soils at the disposal sites showed high pH and total dissolved solids (TDS) and electrical conductivity (EC) regimes. Soils at the disposal sites showed high pH and TDS and EC regime in comparison to control sites. Various heavy metal concentrations (Pb, Cu, Ni, Cr, and Zn) were also found to be higher at dumping sites except for Cd which had a higher value in control site [13] . The average heavy metal content in the similar rural waste followed the sequence of Zn > Cu > Cr > Pb > Cd [14] . As a medium on which MSW are deposited, soil is a natural resource that needs to be carefully monitored before, during, and after dumpsite activity. This study examines random samples obtained from an abandoned open dumpsite in the suburbs in Heze, Shandong, China. A total of 17 soil samples from five different locations were quantitatively analyzed for 15 inorganic pollutants and heavy metals and 195 volatile organic compounds/semivolatile organic compounds (VOCs/SVOCs). In addition, the species and distribution characteristics of the pollutants were determined. The potential ecological and human health risks of pollutants exceeding the screening levels were assessed. This study provides a reference for soil risk management in this region and offers a guide for future soil disposal and land use patterns.
Materials and Methods

Site Description.
The inner suburbs located on the Huai River basin of the Yellow River alluvial plain lie at the southeast of Heze, Shandong, China (115 ∘ 29 E to 115 ∘ 40 E, 34 ∘ 57 N to 35 ∘ 14 N). The terrain slopes from south to north. Preliminary investigations indicated that the soil components of the site are miscellaneous fill in the upper 400 cm, sandy and clay loam at 401 cm to 1000 cm, silt clay at 1000 cm to 1200 cm, and sandy loam at 1200 cm and below. The groundwater is commonly hosted in the Quaternary aquifer, and the flow is from west to east.
The open dumpsite was originally an abandoned kiln pit site. The site was in operation from 1995 to 2011, and it covered an area of approximately 3.0 hm 2 . Approximately 150,000 m 3 of MSW was deposited, covering the entire pit five meters deep. After the dumpsite is decommissioned, the land would be used for infrastructure construction. According to an onsite inspection, the border of the site was positioned with a handheld GPS, as shown in Figure 1 .
Sample Collection and Analysis.
In consideration of the defined future land use patterns and scale, 17 soil samples were obtained from the dumpsite in November 2012 ( Figure 1 ). Samples from the border area were gathered with the use of a vehicle-mounted soil core sampler (model 6620 DT, Geoprobe, Salina, KS). Thirteen soil samples were acquired from the unit where soil texture changed or pollution signs were found. For soil samples in the interior area, where the Geoprobe system could not work, an excavator was used for cross-section and four soil samples were acquired. The specific sampling depths are shown in Table 1 . Inorganic pollutants were determined using an atomic absorption spectrometer (AAS) (Perkin-Elmer, Norwalk, 
where RI is the sum of all of the risk factors for elements in the soils, is the monomial ecological risk factor, represents the concentration of elements in the soils, is the regional background value of elements, is the pollution coefficient, and is the toxic-response factor for a given substance, which accounts for the toxic and sensitivity requirements. On the basis of the approach proposed by Chen et al., the toxicresponse factors for As, Cr, Cu, Pb, Ni, Zn, and Hg are 10, 2, 5, 5, 5, 1, and 40, respectively [17] . Five pollution categories of and four pollution categories of RI are recognised on the basis of the ecological risks [15] .
Human Health Risk Assessment Model
Exposure Model.
Referring to health risk assessment guidelines [18, 19] , procedure of health risk assessment generally includes four steps: risk identification, exposure analysis, toxicity evaluation, and risk assessment. Pollutants in the soil enter the body via three main pathways [20] : (a) direct ingestion of substrate particles ( ing-s ), (b) inhalation of suspended particles through the mouth and nose ( inh-s ), and (c) dermal absorption of elements in particles adhered to exposed skin ( der-s ). When conducting exposure analysis, a specific approach characteristic for human exposure to soil in the sites is applied, taking particular care of the noncarcinogenic hazard exposure for children. For noncarcinogenic hazards, the elemental dose ( , mg⋅kg −1 ⋅d −1 ) received by children or adults through each of these pathways was recalculated by using oral dose ( ing-s ):
inhalation dose ( inh-s ):
dermal dose ( der-s ):
where is the concentration of the pollutant in the soil from the exposure point (mg⋅kg −1 ), IngR is the soil ingestion rate for the receptor (mg⋅d −1 ), InhR is the soil inhalation rate for the receptor (m 3 ⋅d −1 ), EF is the exposure frequency (days⋅year −1 ), ED is exposure duration (years), PEF is soil-toair particulate emission factor (m 3 ⋅kg −1 ), SA is skin surface area available for exposure (cm 2 ), SL is soil-to-skin adherence factor (mg⋅cm −2 ⋅event −1 ), ABS is dermal absorption factor (dimensionless), BW is time-averaged body weight (kg), and AT is average time of noncarcinogenic and carcinogenic risks (days). Exposure scenarios were modified as appropriate to reflect conditions unique to the actual conditions in China (Table 2) .
Carcinogenic risk is calculated for lifetime exposure and is estimated as the incremental probability of an individual to develop cancer over a lifetime as a result of total exposure to potential carcinogens [21] . The corresponding daily exposure dose (LADD) is calculated according to the following equation:
where LADD is the sum of average exposure dose via multiple pathways per lifecycle (mg⋅kg⋅d) −1 , AT is the average exposure time (d), AT is life expectancy × 365, and CR is intake intensity (oral ingestion and inhalation pathways, CR = IngR and CR = InhR, resp.; for dermal contact pathway, CR = SA⋅SL⋅ABS).
Risk Characterization.
The for each element and exposure pathway was subsequently divided by the corresponding reference dose to yield a hazard quotient (HQ) for systemic toxicity [18] . The cumulative noncarcinogenic hazard is expressed as the hazard index (HI) (see (6) ): where and represent pollutant type and number of exposure pathways, respectively.
For carcinogens, the dose was multiplied by the corresponding slope factor (SF) to produce a level of excess lifetime cancer risk (see Table 3 ). The cumulative carcinogenic risk was expressed as the total cancer risk ( Total ) (see (7)):
Risk characterization was considered separately for carcinogenic and noncarcinogenic effects. Health risk was obtained by comparing the calculated HI and Total values with the recommended maximum values. If the HI value is less than one, the exposed population is unlikely to experience obvious adverse health effects. If the HI value exceeds one, then adverse health effects may occur [22] .
Total surpassing 1 − 04 are viewed as unacceptable, Total below 1 − 06 are not considered to pose significant health risks, and Total lying between 1 − 04 and 1 − 06 are generally considered acceptable, depending on the situation and circumstances of exposure [23] .
Results and Analysis
Inorganic Pollutants and Heavy Metals in Soils.
The concentrations of inorganic pollutants and heavy metals in soil samples were detected along the depth of the soil layer at the site; the results are shown in Table 4 . The detection rates for total cyanide and Hg were 5.9% and 23.5%, respectively; six kinds of heavy metals (Sb, Cd, Be, Se, Ag, and Tl) were not detected. Total fluorine had the highest level because of the high background value of fluorine ion in the local shallow groundwater [24] . The heavy metal concentration in the soil sample was found in the following order: Zn > Cr > Ni > Cu > Pb > As > Hg. The highest levels of total cyanide, Cr, Cu, Pb, Zn, and Hg, were found in the topsoil of the site (Points S4, S5). Compared with the environmental background values for Shandong, 100% of As, 58.8% of Cr, 52.9% of Cu, 64.7% of Ni, and 58.8% of Zn exceeded the corresponding values, with exceeding ratios of 1.03, 0.01, 0.14, 0.14, and 0.42, respectively. The average concentration of total fluorine and Pb did not exceed the background values, whereas 35.3% of total fluorine and 11.8% of Pb exceeded the corresponding values.
In the United States and a number of European countries, trigger values or soil quality criteria for more common contaminants are used as screening levels during contaminated land risk assessment [25] . When the second standard of GB15618-1995 is used for the screening, Zn (topsoil of Point S4) exceeds the standard with the ratio of 0.6, and the other elements generally do not exceed the levels. When land is categorised under residential land use pattern according to China DB11/T-2011, As exceeds the level along the various depths of the soil layer, with 35.3% of As exceeding the value. When regional screening levels (RSLs) are used with land falling under the residential land use pattern, As exceeds the level in each layer of every point, at exceeding ratios ranging from 31.05 to 61.05. When ecological soil screening levels (Eco-SSLs) are used (with higher plants as protected objects), 41.2% of As, 29.4% of Ni, and 5.9% of Zn exceed the levels along the various soil layers. For screening purposes, further risk assessment of heavy metals must be performed by combining specific assessment models [26] .
VOCs/SVOCs in Soils.
VOCs/SVOCs concentrations in the soil samples were detected along the soil layer depths at the site; the results are shown in Table 5 . VOCs/SVOCs were detected only in the topsoil of S4 and S5 among the 17 soil samples, and only 11 kinds of VOCs/SVOCs were detectable in 17 categories, for a total of 195 VOCs/SVOCs. DEHP, 3,4-methylphenol and phenol were detectable in both points, indicating that the topsoil in the interior area of the site had been leaching poison, with a limited influence depth of less than 2 m for organic pollution.
The second standard, China GB15618-1995, and Eco-SSLs have no related provisions regarding VOCs/SVOCs. When the screening levels are based on China DB11/T-2011 and RSLs, all of the concentrations of VOCs/SVOCs are below the corresponding levels. Therefore, the soils in the site are only slightly contaminated by VOCs/SVOCs, and no further risk assessment is needed.
Potential Ecological Risk Assessment of Heavy Metals in
Soils. According to various reference systems, large differences of may occur among the results. The environmental background values of Shandong and the secondary standard referred to in GB15618-1995 are considered as screening levels. The potential ecological risk indices ( , RI) of heavy metals are shown in Table 6 .
With the use of environmental background values of Shandong as screening levels, for heavy metals detected is less than 40, except for Hg. Therefore, the above-mentioned heavy metals pose low ecological risk to the ecosystem. The ecological risk of Hg content ranges from very high to extremely strong with , that is, from 125 to 1,075.
for Hg under reporting threshold is 62.5 with medium ecological risk when the concentration of Hg is calculated as half of the threshold. As the reporting threshold of Hg is higher than the background value, the data of may overestimate the risk of Hg and the combined risks of soil samples. Comparison of the values of RI among different heavy metals reveals that the ecological risk of individual heavy metals (except As) in the soil from the interior area of the site is higher than that from the boundary area. The combined ecological risk of the soil samples from the boundary area is mainly in low level, lower than that from the interior area, which poses considerable to very high risk to the ecosystem. In using the secondary standard referred to in GB15618-1995 as a screening level, the ecological risk of detectable individual heavy metal is low in general, and the results show that the soil samples from all the points have low ecological risks. The differences in potential ecological risk exist between the soils samples from the interior and boundary areas of the site; however, the potential ecological risks of these samples are generally low under the two reference systems. Hg should be a concern because of its high potential ecological risk based on the environmental background values of Shandong. The Hg concentration detected is lower than the secondary standard of GB15618-1995, which aims to protect agricultural productions and sustain human health. Hg is generally considered to come from discarded batteries (e.g., alkaline batteries), electrical appliances, newspapers, magazines, and thermometer [27] . Therefore, a system for sorting rubbish can effectively prevent Hg accumulation in soil.
Human Health Risk Assessment of Heavy Metals in Soils.
Up to 95% UCL of the arithmetic mean concentration of each pollutant is considered when calculating the value of the health risks. However, such method tends to overestimate the level of risks [28] . Thus, this study combines the overall pollution characteristics of the soil in the site and uses the mean concentration of heavy metals in soil from the interior and boundary areas. Table 7 presents the noncarcinogenic hazard values for the oral (HQ ing ), inhalation (HQ inh ), and dermal (HQ derm ) routes of exposure to the detected heavy metals. The combined HI values for adults are 0.195 and 0.166 for the soils from the interior and boundary areas of the site, respectively; both values are below the safety threshold (HI < 1.0). Moreover, the current heavy metal concentrations in soil in the site do not pose any additional noncarcinogenic hazard for adults living in or near the site. The combined HI values for children are 1.36 and 1.16 for the soils from the interior and boundary areas of the site, respectively, indicating that the heavy metals detected would harm the children. The individual HIs for Cr and As are 1 to 2 orders of magnitude higher than those of the other heavy metals. As the concentration variation ranges of As and Cr change a little along the soil depth, the heavy metals detected are hazardous to children's health within the area of sampling. Therefore, children should not be permitted to go to the site because they are sensitive receptors, and protective measures should be taken.
Noncarcinogenic Hazards.
Carcinogenic
Risk. Carcinogenic risks of carcinogens (As, Cr, Pb, and Ni) are shown in Table 8 . total of the soil samples from the interior and boundary areas of the site are 4.35 − 5 and 4.48 − 5, respectively, which are within the range of 1 − 6-1 − 4. Comparison of the values of using multiple pathways shows that carcinogenic risks are primarily attributed to oral exposure to As. total for As are 2 to 4 orders of magnitude higher than those of the other three heavy metals.
Discussion
Landfill leachates pose a direct threat to the soils in open dumpsites that do not use appropriate bottom liners and leachate collection systems. The rate and characteristics of leachate produced depend on numerous factors, such as solid waste composition, particle size, degree of compaction, site hydrology, landfill age, moisture and temperature conditions, and available oxygen [29] . Young leachate mainly in the acidogenic phase has large amounts of degradable organic substances and heavy metals. Mature leachate undergoing methanogenic phase is normally characterised by a low BOD/COD ratio and by heavy metals [30] . During landfill waste stabilization, the nonconservative components of leachate (primarily organic in nature) tend to decompose and stabilise over time, whereas conservative components remain 8 Journal of Chemistry The risk assessment of open dumping sites in the suburbs, which offers guidance for choosing a future land use pattern or an appropriate redevelopment option, has received limited attention in China. Different reference systems are used to conduct potential ecological risk assessment with varying results. Using the environmental background values of Shandong and the secondary standard of GB15618-1995 as screening levels, considerable differences exist in for Hg, which can directly affect the combined ecological risks of the soil samples. As an appropriate reference system is very important in the procedure of ecological risk assessment, the secondary standard of GB15618-1995, which takes soil ecology and soil quality into consideration, is a priority as screening levels.
The results of the health risk assessment show that, given the high toxicity of As and Cr, these elements have become major sources of risks even though their concentrations in the soil are not excessive. Both carcinogenic risk and noncarcinogenic hazards posed by heavy metals to adults are acceptable, whereas noncarcinogenic hazards to children exceed the safety threshold, which negatively affects the target community. Integrated health risk assessment should include the assessment of pollutants carried by four media (atmosphere, soil, water, and food chain) using the three main pathways (ingestion, inhalation, and dermal absorption) to the body. In view of the lack of information on the eating habits of the local population and the limitation on testing programmes, this study only evaluated the health risks of heavy metals in soil through three exposure pathways: oral ingestion, inhalation, and dermal absorption. The other toxic substances (e.g., VOCs/SVOCs detected) and exposure pathways (e.g., food intake) are not included. Moreover, the assessment results based on the total metal concentrations may overestimate the actual risks. A realistic assessment of the actual health risks associated with heavy metals in soils requires an evaluation of bioaccessible metal fractions [21] . The combined health risks of various heavy metals are obtained using a simple addition of individual heavy metal risk. The method may not accurately characterise the combined effects of heavy metals on different receptors because of different hazard mechanisms of various substances on the human body. Future studies on the relational model of the available form and content of pollutants detected and risk assessment should be promoted in China.
Conclusions
The concentrations of pollutants (15 inorganic pollutants and heavy metals and 195 VOCs/SVOCs) in soil samples from an abandoned open dumpsite in the suburbs in Heze, Shandong, China, were investigated. The results show that the mean concentration levels obtained for pollutants in the soils from the interior area were relatively higher than those from the boundary area. Inorganic pollutants and heavy metals were detected in all the soil samples, whereas VOCs/SVOCs were detected only in the topsoil of the site with limited effect on a depth of less than 2 m. All of the concentrations of VOCs/SVOCs were below the corresponding screening levels, whereas a number of heavy metals (As, Ni, and Zn) exceeded these levels.
The potential ecological risk assessment indicated that heavy metals in most of the soil samples posed low ecological risk to the ecosystem, except for the samples from the site with a high accumulation level of Hg, which posed a considerably high risk based on the environmental background values of Shandong. The ecological risk of individual heavy metals in the soils from the interior area of the site was higher than that from the boundary area. Human health risks were assessed based on environmental exposure to heavy metals. Both carcinogenic risk and noncarcinogenic hazards of heavy metals for adults in soil samples were acceptable, whereas the noncarcinogenic hazards to children exceeded the safety threshold. Health risks are primarily attributed to oral exposure to As and Cr.
